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iYNOPSIS The performance of a bridge abutment founded on spread footings was monitored. The construction sequence, the
instrumentation and the results of the bridge behaviour over several years is discussed.
[NTRODUCTION

of 257 m. A dense fill deposit of an average thickness of
6 m consisting of clayey silt with varying percentages of
sand and gravel was underlain by compact to very dense
gravelly sand. The blow count from Standard Penetration
testing averaged 70 blows per 0.3 m in the fill and was
in many instances greater than 100. The allowable
bearing capacity of the fill was 380 kPa and no stability
problem was anticipated for the approach fills. In the
sand the blow count averaged 40 as the fill/sand interface and increased rapidly with depth to over 100 blows
per 0.3 m.

~or many bridges the opportunity exists to support the
!nd spans on abutments founded on spread footings placed
~ithin the granular approach fill.
At the present time
:he bearing capacity of these compacted fills is
!Stimated from theoretical considerations and this
ipproach is considered to be conservative. Because of
:he uncertainties of the theories, the bridge designers
Jtilize pile support or other deep foundations for the
lbutments. Evidently, this latter approach, may not be
in many cases the most economical solution.

Groundwater
The groundwater level recorded in the boreholes varied
from 0.3 m to 0.9 m below the ground surface.

Jver the past few years the authors have carried out
Footing tests to study the bearing capacity and settleoont behaviour of footings located in approach fills
[Bauer et al, 1979, Bauer et al, 1981 and Bauer, 1982).
lased on these recommendations a prototype bridge using
;pread footings located within the compacted approach
Fill was constructed and its performance was monitored.
rhis paper describes the construction sequence, the
instrumentation program and the results of the bridge
Jerformance over several years. The instrumentation
Jrogram consisted in monitoring the following quantities:
[a) Surface settlements of the abutment footing; (b)
:ompression of the underlying soil layers; (c) Soil
;tresses at the back of the wall and at the base of the
Footing, and (d) Horizontal and rotational movements of
the abutment. The results of these measurements are
iiscussed with regard to tolerable values.

CONSTRUCTION SEQUENCE
The layer of top soil was removed before the grannular
material was compacted. The compaction was done by a
vibro-compactor in 0.3 m lifts. The material was
compacted to 100% Standard Proctor density. Dry densities
varied from 17.5 to 18.8 kn/m3 with an average density of
18.2 kn/m3 • The average water content of the material
was 4.6 percent measured in the field. The footings were
poured directly on the compacted granular pad. After the
abutment wall was poured the backfilling and compaction
operation be9an behind the wall. Compaction close to the
wall (<1.2 m) was done with hand compactors in order to
prevent overstressing the earth pressure cells embedded
flush with the wall. The common backfill against the
wall consisted of sand with cobbles and had an average
density of 15.2 kn/m 3• Particular care was taken to
avoid any stones and cobbles close to the locations of
the pressure cells.

JESCRIPTION OF BRIDGE SITE
rhe bridge is located in the vicinity of Toronto, Canada
lnd consists of two abutments founded on spread footings
in a compacted granular fill. Only the east abutment
~s instrumented. The length of the span was 82.6 m and
~s supported at the center by a pier founded on a square
Footing. Figures l(a) and l(b) show a longitudinal and
l cross-section at the abutment face, respectively. This
Figure also gives the overall dimensions of the east
lbutment. The overall height of the wall was 5.8 m,
including the 0.9 m thick footing which was 3.8 m wide.
rhe total length of the abutment, perpendicular to the
ilignment of the bridge, was 12.8 m. The granular pad on
~hich the abutment was founded was 2.6 m thick and was
:ompacted to 100 percent Standard Proctor density.

INSTRUMENTATION OF THE ABUTMENT
Earth Pressure Cells
The earth pressure cells installed at the back of the wall
and at the footing/soil interface were of the pneumatic
type manufactured by SOIL INSTRUMENT. The outside
diameter of the cells was 300 mm with an active diameter
of 270 mm. Seven of these transducers were placed at the
base of the footing to measure the contact stress between
the structure and the compacted granular pad. Two cells
each were located at the front and back face of the footing and one cell was placed at the top of the heel to
measure the overburden pressure from the fill. Figure 2
shows the location of the cells on the base of the footing,

5oil Conditions
rhe surface topography in this area was generallv flat
~ith an approximate elevation above sea level
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and Figure 4 depicts the location of the cells as the
vertical back face. The cells were installed so that the
exposed face was flush with the concrete. The tubing of
the cells were tied to the reinforcing steel and brought
to a terminal box easily accessible after the end of the
construction.

PRESENTATION AND DISCUSSION OF MEASUREMENTS
Earth Pressures
The readings from the cells located at the back of the
abutment wall had to be corrected for temperature grad
between the exposed wall face and the backfilled side.
The method of temperature calibration and corrections 1
given by Felio (1980). The average earth pressure
distribution over the wall for days 386, 413 and 446 i:
shown in Figure 4. In the same figure the design
distribution suggested by Peck, the active earth press1
and at-rest distribution are shown for comparison. La:
diameter triaxial compression and K0 -tests were carriel
out on the backfill material in order to determine the
respective earth pressure coefficients. The measured
distribution lies between the active and K0 distributil
and compares favourably with Peck's suggested design
distribution for retaining structures.

Settlement Gauges
The settlement of the concrete abutment was measured by
means of settlement rods extending from the top of the
footing at the toe to the surface. Readings were taken
with a precise level during and after completion of
construction. Settlement plates were placed at different
elevations below the footing within the granular pad.
These gauges consisted of a 250 x 250 mm steel base plate
to which a 25 mm steel pipe was welded. This pipe
extended through the footing to the surface at the toe
of the footing. A protective 38 mm outer pipe was used
over the inner pipe to prevent the soil from touching
the inner measuring rod. The annular space between the
two pipes was filled with heavy motor oil for lubrication.
The differential settlement between the inner pipe and
the outer sleeve, embedded in the concrete footing, was
measured with a portable dial gauge. A calibration cup
was made for the dial gauge in order to calibrate the
setting before and after each measurement.

Contact Stresses on Footing
A typical contact stress distribution as measured by tl
earth pressure cells is given in Figure 5. Larger
pressures were measured at the head of the footing tha1
towards the toe. This is attributed to the fact that ·
resultant load (earth thrust and dead load of abutment
was inclined at an eccentricity toward the backfill anl
that the structure also rotated toward the backfill. •
trapezoidal distribution usually assumed in design cou·
not be measured. The results from a finite element
analysis assuming a concentric load inclined at 15° fr1
the vertical are also shown in Figure 5. The differenl
between the analytical and the measured values is prob;
due to the rotational movement of the abutment wall wh
were not simulated in the finite element method.

Settlement Profiler
This system was described by Bozozuk (1969) in detail
and consisted of a sensitive pressure transducer,
referred to as "torpedo" being pulled through a liquid
(ethylene glycol) filled plastic tubing. The pressure
transducer measured the differential pressure between
any location within the tube and a reference point.
usually the open end(s) as the extremity of the tube.
The pressure difference was then correlated to vertical
movement. The tubing was installed under the centre of
the abutment wall perpendicular to the alignment of the
bridge as indicated in Figure 2.

Settlement
As mentioned in the previous section, the settlement o·
the structure was measured by means of three independe1
systems, settlement plates, settlement rods and a
settlement profiler. The latter system was defective·
most of the time and no reliable measurements could be
obtained. The results of the settlement measurements 1
the structure and the compressibility of the underlyin!
granular pad is shown in Figure 6. The settlement of
layer 1 refers to the compression of the soil between ·
base of the footing and the level of the first settlemo
plate located at 1.25 m below the base. The pouring o·
the concrete bridge deck started on day 35 and is
reflected by a rapid increase of the rate of settlemen·
After completion of the bridge construction and backfi'
operation on day 168, very little additional settlemen·
took place. The maximum total settlement measured to
date is in the order of 8 mm, well within the limits o·
acceptability of 25 mm for such a structure. (Bozozuk
1978).

Tiltmeter
A commercially available tiltmeter (SINCO Digitilt) was
used with corresponding tilt plates to monitor the
tilting of the vertical abutment wall. Five ceramic tilt
plates were installed on the open-face of the wall as
shown in Figure 3.
Horizontal Wall Movement
The total horizontal movement of the wall was measured
using surveying instruments and an optical reference line
A series of measuring points were marked on the vertical •
face of the wall. Of course, these points could only be
located at the wall above the ground surface. The
locations of these points are also shown in Figure 3.
Frost Penetration
The frost penetration below the concrete footing and
within the granular pad were measured at several critical
l~cations with the frost tubes. These inexpensive and
s1mple devices consisted of small diameter polyethylene
tubes filled with a· mixture of water and methylene blue
This ~luid when un~rozen was of blue colour and during •
freez1ng turned wh1te given a distinct interface between
~he frozen an~ unfroze~ portion. The tubes were placed
1n close fitt1ng plast1c casing embedded in the concrete
footing in order to minimize the influence of surface
temperature effects. The location of the tubes is shown
in Figure 2.
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Wa 11 Movement
The movement of the vertical wall face was measured by
portable tiltmeter and by an optical instrument using
reference points at the face of the exposed wall sectio
The maximum, horizontal movement of the wall at the
footing level was 12 mm away from the backfill. The
corresponding movement at the· south end was 8 mm. Our
the same time period the top of the wall had moved 8 n
away from the backfill, which means that the top of tho
abutment wall had rotated 4 mm into the backfill in
reJation to the footing. Generally horizontal movemen·
of less than 25 mm are acceptable for these structures
and should not show any distress (Bozozuk, 1978).
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:rost Penetration
'he frost penetration were measured from December to
1arch at five locations of the footing for two consecutive
linters. The maximum frost penetration below footing
evels was 0.2 m and occurred only over a very short
1eriod. It is interesting to note that the maximum frost
lepth did not occur during the coldest months, January
md February, but during the month of March for both
•ears. This means that frost penetration is a cumulative
1roblem and the depth is a function of the total number of
lays below the freezing point. By the beginning of May
;he frost had come out of the ground. Frost, in genera1 ,
s only considered to be a problem in connection with a
'ree supply of water in the soil.
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GRANULAR
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:ONCLUSIONS
'he performance of the prototype bridge abutment was
:atisfactory. No major problems were associated with the
1ovement of the footing. The most reliable settlement
lata were obtained with the relatively cheap settlement
tlates. The settlement rods gave a very good indication
tf the differential settlement between the north and
;outh end of the footing. Both the horizontal and
·ertical movements were below the limits of 25 mm which
s generally acceptable if no distress is to be expected
lith the bridge. The measured earth pressure distribution
tn the vertical back of the wall was reasonable and quasi
:riangul ar after the cell readings were corrected for
:emperature effects. The footing-soil contact stress
~asurements showed quite high heel stresses due to the
·otation of the wall into the backfill. In overall,
:he simpler (and least expensive) measuring devices gave
·e1i ab 1e and consistent measurements.

GRANULAR "A"
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Figure l(a). Logitudinal Section Through East
Abutment
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Figure l(b). Cross-Section at East Abutment Face
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